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ABSTRACT

Partitioning driven placementapproachesre often preferredfor

fastandscalablesolutionsto large placemenproblems.However,

dueto theinaccurag of representingvirelengthobjective by cut
objectie the quality of suchplacement®ftentrails the quality of

placementgproducecdby purewirelengthdrivenplacementsin this

paperwe presentTHETO, a new partitioningdriven global place-
ment algorithm that retainsthe speedassociatedvith traditional
partitioning driven placementalgorithmsbut incorporatesa num-
berof nowel ideasthat allovs it to producesolutionswhosequality
is betterthanthoseproducedoy more sophisticatecand computa-
tionally expensve algorithms. The keys to THETO’s successare
a new terminal propagtion methodthat allovs the partitionerto

bettercapturethe characteristicef the variouscut netsanda new

post-bisectioningefinemenstepthatenhancetheeffectivenesof

the new terminalpropagtion. Experimenton the ISPD98bench-
marksshavsthat THETO produceglobalplacemensolutionsthat
are6% betterin termsof thehalf perimetemwirelengththanDragon
while requiringsignificantlylesstime.

Categoriesand Subject Descriptors
B.7.2[Integrated Cir cuits]: DesignAids

General Terms
Algorithms, Experimentation
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1. INTRODUCTION

Placemenis oneof thefundamentaproblemsn physicaldesign
and numerousalgorithmshave beendevelopedutilizing a variety
of ideasandoptimizationtechniquesHowever, theeverincreasing
problemsizesandshorteningime-to-marlketwindowsrequirescal-
ableandhigh-qualitysolutionsin minimal amountof time. These
pressuresverelargely limited to ASIC placemenin the past,but
modernFPGAshave grown to matchthe sizeof ASICs,which ne-
cessitateshe developmentof extremelyfastglobal placementl-
gorithms,in orderto facilitatereasonableompiletimesdemanded
by FPGA users. This hasled to the re-emegenceof partitioning
driven placemen{PDP)methodsasadwancesn circuit partition-
ing resultedn placemenalgorithmsthatarecomputationallyscal-
able,capableof leadingto high-qualitysolutions,andcanscaleto
very large designs. Examplesof suchpartition driven placement
toolsincludesCapo[4], Dragon[14], and FengShui1] that pro-
vide differenttime-qualitytrade-ofs.

In this paperwe presentTHETO, a new top-davn hierarchical
partitioningdriven global placemenglgorithmthatincorporatesa
numberof novel ideasto furtherimprove the quality of the place-
mentsolution. Our key contritutionsarethe following: (i) a new
methodfor terminalpropagtionthattakesinto accounthe sizeof
theboundingboxesof thevariousnets;(ii) anew stepin theoverall
structureof the hierarchicalpartitioning driven placementrame-
work that further improvesthe quality of the bisectionsafter the
computatiorof eachlevel; (iii) acomprehensi experimentakval-
uationof variousalgorithmicchoicesfor partitioningdrivenplace-
mentandtheir impacton both quality and computationatequire-
ments.Usingthe placemenbenchmarkslerived from the ISPD98
benchmarld8] we shawv that THETO is ableto producesolutions
whosewirelengthare on the averageup to 6% betterin termsof
half-perimeterwirelengththanthe solutionsproducedby Dragon
(oneof the bestperformingschemeg1]). In addition, THETO has
very low computationatequirementsmakingit oneof the fastest
high-qualitypartitioningdriven placementlgorithms.

Therestof this paperis organizedasfollows. Section2 provides
somedefinitionsandintroducesthe notationthatis usedthrough-
out the paper Section3 describesTHETO and provides details
aboutthevariousalgorithmsthatit uses.Sectiord evaluatesSTHETO'S
performanceandcomparest againstotherschemeskFinally, Sec-
tion 5 provide someconcludingremarks.

2. BACKGROUND

The partitioning-driven global placement{PDP) paradigmis a



divide-and-conquestratgy usedto combinatoriallypartition the
netlistandassigrthepartitionsto correspondingieometricallysub-
dividedbinson thetwo dimensionathip surface.We saythis pro-
cesss appliedatmultiple levelsof globalplacementyhich simply
meansthat we successiely solve global placementfor finer and
finerbin sizes.At thetoplevel, thereis only onebin encompassing
the entire areaof the chip, andall the movablecells of the netlist
areat the centerof this bin. In the next level, therearetwo bins
which containbisectedportionsof the netlist. In the subsequent
third level, eachof thesebins arefurther subdvided which results
in 4 bins. This processontinuesuntil thereare2™ x2™ bins,which
is calledbottomlevel.

A netlistG = (V,E) is asetof cellsV anda setof netsE.
Eachnetis a subsetof the setof cellsV. Thesizeof a netis the
cardinalityof this subset A cell v is saidto beincidenton anete,
if v € e. Eachcell v andnete hasa weightassociatedvith them
andthey aredenotedby w(v) andw(e), respectiely. Pin is the
locationon the cell thatphysically attachedghe netto thecell. The
externalportion of anetis asubneinducedby thecellsincidenton
the netbut lie outsidethe bin currentlybeingconsideredSimilarly
external cellsof anetarethe cellsthatareincidenton the external
portionof thatnet. Topolagical neighbos of acell v arethe subset
of cellsthatareincidenton at leastone of the nets,on which v is
alsoincident.

The quality of the placemenis measuredn termsof the half-
perimetemwirelength(HPWL), whichis equalto the weightedsum
of half-perimeter®sf theboundingooxesof thenetsthatenclosehe
cellsincidenton eachnet,i.e., >~ HP(e) * w(e). Thewirelength
objectie of theglobal placements to minimize HPWL, while sat-
isfying upper andlower-boundconstraintson the total weight of
cellsthateachof the binscontaingbalanceconstraint).

3. THE THETO PLACER

Our placementalgorithm, called THETO, follows the general
top-dawn hierarchicalpartition driven placemenframewvork. The
overall structureof the computatiorperformedat eachlevel of the
hierarcly is shavn in Figurel. They consistof threedistinctsteps.
The first stepcomputesa bisectionof eachbin usinga cut-based
hypemgraphpartitioningalgorithm. The secondstep,which is ap-
plied aftereachbin hasbeenbisectedfurtherimprovesthe cut(and
to someextent the wirelength)of the original bisectionby taking
into accounthe finerlevel partitioningof all the bins. Finally, the
last stepfocuseson minimizing the wirelengthof the placedsolu-
tion at the currentlevel of the hierarcly, by moving cells between
thebinssothatto reducethe half-perimetemirelength.

To a large extent THETO's structureis similar to that usedby
previously developedplacemenalgorithmg14, 4, ?], with theonly
majordifferencebeingtheintroductionof thepost-bisectiomefine-
mentstep.As we will laterseein the experimentakesultssection,
this stepsignificantlyimprovesthe quality of the placemengandis
instrumentalin contributing to THETO’s overall effectiveness.In
therestof this sectionwe describevariousschemeshatwe devel-
opedandevaluatedfor performingeachoneof thesethreesteps.

3.1 Partitioning the bins

THETO bisectseachbin usingamultilevel hypemgraphpartition-
ing algorithmthatwasderived from hMetis[11]. Multilevel parti-
tioning algorithmsare the currentstate-of-the-arind have been
shavn to find high-quality partitioningsin moderateamountof
time. Ourlocally modifiedversionof hMetisretainsits basicover-
all structurebut it hasbeenextendedto acceptrealnumbersasnet
weightsandsmallbalanceolerancesin addition,to furtherreduce
theamountof time spentin partitioningwe do not performary V-

Start

A

Partition Bins

A 4

Post-Bisect

Refinement oP

A

Level-wise
Refinement

Figure 1: The structur e of our PDP algorithm THETO

cyclesandwe have reducedthe numberof coarsenindevels that
is beingcomputed.In general the quality of our locally modified
versionis comparableo that of hMetis 1.5.3, which is available
publically.

3.1.1 Terminal Propagation

Besideghe partitioningalgorithmitself, anotherkey factorthat
affectsthe overall performanceof partitioningdriven placemenis
the methodthatis usedto take into accountthe externalportion of
the netsthatareincidenton cells of the bin thatis beingcurrently
bisected Thegoalof thesemethodss to utilize theinformationthat
is externalto thebin in aneffort to biasthemin-cutobjectivetoward
minimizing HPWL. THETO achievesthis by employing a scheme
that is basedon the widely usedtechniqueof terminal propaga-
tion (TP) [5] thatalsotakesinto accounthe boundingboxesof the
variousnetsthatareconnectedo cellsthatareoutsidethe current
bin.

Traditionally, terminalpropagtionis performedasfollows [3].
For eachnetthatconnectsnternalandexternalcellsandlies exclu-
sively on onehalf region of the areato be bisectedafixeddummy
cell is added(terminal propagted)to the child bin on thatsideto
try to preventthat netfrom beingextendedto the otherside(i.e.,
preventit from beingcut). For computationakefficiengy [4], in-
steadof assigninga fixed dummy cell to eachsuchnet, only two
fixeddummycellsaremaintainedpnefor eachpartitionandall the
netsthatrequireterminalpropagtionareattachedo thesedummy
cells.We will referto this schemeastraditional terminalpropaga-
tion.

One major deficieny of this schemeis that the assignmenbf
uniform partitioningcostto all the nets(sameweight),while in re-
ality the magnitudeof HPWL degradationdoesvary for eachnet
cut. To illustrate this, considerthe example shovn in Figure 2,
which graphicallydepictsthe currentstateof the bisectioningpro-
cessof threelarge binsin a local region of the chip. The top bin
hasalreadybeenbisectednto childrenbins A; and A,, thebottom
bin Cy hasnot yet beenbisectedwhile the bin in the middle By
is beingcurrentlybisected.Let us saythe largestz coordinateof
externalcells of a netis equalto X; (connectedo somecell A,),
thenif this netis cut thenit would extend the boundingbox by
X5 — X4, but ontheotherhandif thelargestcoordinatds equalto
Xo (connectedo somecellin Cy) thenif this netis cut thebound-
ing box will only expandby X» — X which is half asmuchas
X, — X,. Thetraditionalterminal propagtion schemedoesnot
capturethis anomaly which caneasilybe accountedor by proper



Figure 2: A Snapshotof partitioning the bins

net-weighting.

For this reasonwe developeda boundingbox aware terminal
propa@tionschemedenotedoy BBTP, thatexplicitly weightsthe
netsaccordingto thedegradationin the HPWL thatcanpotentially
occurif they getcut. Due to the cutdirection being parallel to
one of the axis (in our example parallelto Y axis), this canbe
accomplishetby asimpleheuristic.Wefirst estimatehemaximum
z coordinatezma, andthe minimum z coordinatezm,:. of the
externalcells. If (X2 — Zmaz) > (Zmin — X1) thenwe attach
the netto fixeddummycell locatedatbin B (X1), andsetthenet-
weightasw(e) * ((X2 — Tmae )/ (X2 — X1)). Similarlogic applies
for attachingthe netsto fixed dummycell locatedon the otherbin
(B2). An interesting,but traditionally ignoredcaseoccurswhen
thereareties (Tmin = Tmaz = Xo), iN Which caseif the netis
not cut, irrespectve of which child bin it is located,the bounding
boxis awaysgoingto behalf asmuchas X, — X, butif it is cut
theexpansionof theboundingbox s goingto be X, — X;. Sothe
differencebetweerthe netbeingcutandnot cutis half asmuchas
X2 — X,. Thereforefor thesenetswe settheweightas0.5xw(e).
Whencomparedo traditional TR, this schemecaptureghe HPWL
objective moreaccuratelyandworks well evenin the presencef
fixedcells/padghatmay belocatedarywhereon the chip.

3.2 Post-BisectionRefinement

During the courseof bisectingthe variousbins at eachlevel of
thehierarcly, thefinal locationsof thecellsatthatlevel areknowvn
only for thosebins that alreadyhave beenbisected. As a result,
terminalpropagtioncannotachieeits full potentialin accounting
for the externalportionsof the nets. The post-bisectiomefinement
stepintroducedin THETO is designedo addresshis problemasit
is beingappliedonceall thebinshave beenbisectedandattemptgo
furtherimprove the quality of eachindividual bisectionandfurther
reducingthe HPWL eitherimplicitly or explicitly.

THETO implementghreedifferentschemedor performingthis
post-bisectiorrefinement.Thefirst schemeperformsa V-cycle re-
finement[12] at eachbisectionusingthe multilevel FM-basedre-
finementalgorithmimplementedn hMetis. Specifically it visits
the differentbisectionsin a randomorder and apply a single V-
cycle refinementstep. We will refer to this asthe V-cycle-based
approad. A limitation of this V-cycle-basedpproachis thatit is
biasedtowardstheinitial bisection,which may male it difficult to
find a bettersolution (i.e., climb out of alocal minima). For this
reasonthe secondschemethat we implementeccomputesan en-
tirely new bisectionfor eachbin [4] andis furtherrefinedusinga

V-cycle refinement.We will referto this asthe Repartition-based
approadc. Finally, unlike the earlier schemesghat minimize the
min-cutof the bisectionsthe third schemehatwe developedtries
to directly optimize the HPWL of the solution[7] using an FM-
basedrefinementalgorithm. Since,the initial bisectionproduced
by hMetis whencoupledwith BBTP is alreadya good quality bi-
sectionfor HPWL, we did notimplementhis refinemenglgorithm
in amultilevel framevork. We will referto thisasthe WLFM-based
approad.

3.3 Algorithms for Level-wiselmpr ovement

Thefinal stepthat THETO performsat eachlevel of the hierar
chy is to directly focuson the HPWL objective andminimizeit by
performinga k-way refinement. In the courseof this refinement
individual cells are allowed to move betweenthe bins aslong as
suchmoveswill eventuallyleadto lower HPWL.

In THETO we developedthreelevel-wisealgorithms.Firstalgo-
rithm is a randomizedswap basedalgorithm (we call it RSwap),
whichis expectedo succeedn tight balanceconstraintsompared
to a single move. The secondalgorithmis a randomizedmove
basedalgorithm(wecall it RMove). For thesetwo algorithmswe
utilize topology of the netlistto identify nearbycell to swap with
or nearbybin to move to andmake the swap or move greedily For
swap,topologicalneighbordhecomecandidate$or swap,while for
move, the bins of thetopologicalneighborshecomecandidatedes-
tinations. Thereasorfor implementingthembasedon topologyis
dueto the inherentefficiency (time compleity is linearin terms
of the numberof pins). We traversethe netlistrepeatediyuntil no
moreswapor move is possible.Usuallythesealgorithmsconverge
in afew iterations.

Drawing motivationfrom [10], we developedhethird algorithm,
in which we apply WLFM to two randomlychosengeometrically
adjacentbins (We call this PairWLFM ). In alternatve iterations
we pick thepairsto form diagonalandnon-diagonabins. Although
thisis arelatively expensve algorithm, it requiresonly a few such
iterations.

3.4 Bin Legalization

In THETO, we predominantlyaddresshin legalization by ex-
plicitly settingtight balanceconstraintsfor the partitioner De-
spite that, bins tend to overflov whenthe numberof cells being
bisecteds small. This is dueto the inherentlimitation of FM al-
gorithmusedin our partitioner To handlesuchcasesye modified
RMove algorithmto move the cells away from overflowing bins.
We randomlypick the cells from the overflowing bin andevaluate
themovesto their adjacenbinsidentifiedby thetopologicalstruc-
ture. The movesthatresultin leastdegradationin wirelengthare
takenuntil the balanceconstraintis satisfied.Eventhoughthis al-
gorithmis not guaranteedo remove all the overflov (whenthere
arevery few cells andthe adjacentbins arealsoin violation), in
mostcasest works quite satishctorily. This heuristiccould eas-
ily beextendedo searcHor topologicalneighborsof depthgreater
thanoneif neededasatopologically“chained”’move orasameans
to find morelocationsfor move destination) Alternatively existing
sophisticatedegalization algorithms[15] canbe used,which are
really necessarynly in the detail placemenphase. THETO’s bin
legalization algorithm s always applied, when therewere viola-
tionsunlessspecifiedotherwise.

4. EXPERIMENT AL EVALUATION

We evaluatedtheperformancef thevariousalgorithmicchoices
in THETO ontheplacemenbenchmarkslerivedfrom the181SPD98
circuits [8]. The numberof cells andthe numberof netsin these



name [ numcells | numnets name | numcells | numnets
ibm01 12282 11507 ibm10 67692 64227
ibm02 19321 18429 ibm11 68525 67016
ibm03 22207 21621 ibm12 69663 67739
ibm04 26633 26163 ibm13 81508 83806
ibm05 29347 28446 ibm14 | 146009 143202
ibm06 32185 33354 ibm15 | 158244 161196
ibmQ7 45135 44394 ibm16 182137 181188
ibm08 50977 47944 ibm17 183102 180684
ibm09 51746 50393 ibm18 | 210323 200565

Table 1: The benchmark suite (IBMPlace v1.0).

benchmarksre shovn in Table 1. Specifically we usedTHETO
to computethe global placementgor thefirst ten circuits (ibm01—
ibm10) for 64 x 64 bins, andfor the remainingcircuits (ibom11—
ibm18)for 128 x 128 bhins. Note thatthesenumbersarechoserto
matchthe numberof rows providedin eachof thesebenchmarks.
We have performedall ourexperimenton 1.5GHzAthlon MP pro-
cessomachine We have usedgcc3.2versionwith aggressie opti-
mization(-O3 -ffast-math-funroll-all-loops-fomit-frame-pointer).

The performancef the variousschemesvasevaluatedby com-
paringtwo quantities. Thefirstis theweightedhalf-perimetewire-
length (denotedas “HPWL" in the tables), which measuregshe
quality of thesolutionin million units. THETO usesweightedhalf-
perimetewirelength,sothatnetweightingbasediming drivenap-
proachesanbe seamlesslyntegrated.Solutionsthathave smaller
HPWL valuesare better The secondis the amountof time re-
quiredto computethe GP solution (denotedas “Time” in the ta-
bles). Schemeghat requirelesstime are preferredover thosere-
quiringmoretime. Thenumbergresente@reaverageresultsof 10
independentuns. Also, to make overall comparisondetweerdif-
ferentschemescrossthe differentdatasetseasier we computed
two summarystatistics. The first is the total amountof time (de-
notedas“TTime” in thetables)whichis simply thetime required
to placeall 18 benchmarks.The secondis called average qual-
ity relativeto the best(denoted’AQB” in thetables)andmeasures
the relative performanceof the variousschemeseing compared
in termsof HPWL. The AQB statisticfor a particularschemeis
computedasfollows. For eachbenchmarkwe computethe ratio
of theHPWL producedy thatschemeagainstthe smallestHPWL
producedor thatbenchmarlby ary of the schemesinderconsid-
eration,andwe obtainits AQB by simply averagingtheseratios
acrosshe 18 benchmarksA schemehatachiezed anAQB value
thatis 1.0 meangthatfor all benchmarkst producedthe smallest
HPWL. In general,a schemewill outperformanotherif its AQB
valueis smaller

4.1 Evaluation of Various Algorithmic Choices

As discussedn Section3, therearea numberof differentalgo-
rithmic choicedfor eachoneof thethreemainstepswithin THETO’S
top-davn hierarchicalplacementframevork. In this sectionwe
presentan experimentalevaluationof theseoptionsand evaluate
theirimpacton the overall GP solution. Due to spaceconstraints,
we arenotableto provide anexhaustie comparisorof all possible
combinationdor thesesteps.Instead we provide comparison®f
differentalternatvesfor eachstepaftermakingareasonablehoice
for the othertwo phases.

4.1.1 Terminal Propagation Sthhemes

The performanceachiezed by the differentterminalpropagtion
schemedglescribedn Section3.1.1is showvn in Table2. Specif-
ically, this table shavs the performanceachieved by four differ-

Traditional TP BBTP

NRuns=1 NRuns=5 NRuns=1 NRuns=5

HPWL Time | HPWL Time | HPWL Time | HPWL Time
ibm01 5.8 2 5.4 8 5.4 2 5.2 8
ibm02 16.5 4 157 15 15.6 4 150 17
ibm03 14.8 4 142 16 14.1 4 136 18
ibm04 19.1 5 183 21 18.4 5 176 23
ibm05 42.4 6 409 27 40.6 7 395 33
ibm06 22.4 7 214 29 21.8 7 207 32

ibm07 352 10 334 45 331 11 319 49
ibm08 411 12 39.0 50 370 13 357 57
ibm09 324 11 30.4 48 303 12 29.0 52
ibm10 70.1 18 64.8 80 64.2 19 625 86
ibm11 495 24 473 84 472 25 453 89
ibm12 87.1 28 83.8 104 82.8 30 79.7 111
ibm13 61.0 34 579 116 58.7 36 56.0 123
ibm14 138.6 66 132.8 254 1343 71 128.4 276
ibm15 153.7 78 144.4 298 149.4 84 143.1 319
ibm16 206.3 91 194.0 360 199.7 99 189.3 378
ibm17 307.5 102 287.9 418 298.9 112 283.0 453
ibm18 2319 104 2139 421 2142 114 198.5 454
AQB 1.101 1.043 1.045 1.000
TTime 605 2395 657 2579

Table 2: Resultsobtained by terminal propagationschemes.

ent schemes. The first two schemeausethe traditional terminal
propagtion schemglabeled T raditional TP”), whereaghe other
two are basedon the newv boundingbox aware scheme(labeled
“BBTP”). Thedifferencebetweereachpairof schemess thenum-
berof differentbisectionghatthey computeduringeachbin-bisection
step.In particular the schemesabeled“NRuns=1"computea sin-
gle bisection,whereasthe schemedabeled“NRuns=5" compute
five differentbisectionsandselectthe onethatachievesthe small-
estcut. Note that all theseexperimentswere performedwithout
performingary bisectionor level-wiserefinement.
Fromtheseresultswe canseethatthe new terminalpropagtion
schemas superiorto the traditionalapproachasit leadsto higher
quality solutionswithout materiallyincreasinghe overall GPtime.
For example,when NRuns=1,BBTP leadsto solutionsthat have
5.6%lowerHPWL while incurringonly a10%degradatiorin time.
Similar performanceadvantagescanbe seenfor NRuns=5.Com-
paringtheimpactof improvedbisectioningquality, we canseethat
it directlytranslateso lower HPWL. For example whenNRuns=5,
thetraditional TP resultsimproved by 5.8% andthe BBTP results
improved by 4.5%while the runtimeincreasedy afactorof four.
Also, it is interestingto notethat THETO's overall PDP engineis
quite fast,asit canplacetheibm01 benchmark12K nets)in two
secondsindtheibm18benchmark210K nets)within two minutes.
Due to the quality advantageof BBTP with NRuns=5and its
modestcomputationakequirementsyve will useit asthe default
bin-bisectioningschemen all our subsequenrgxperiments.

4.1.2 Bisectionimproving Sthemes

Theperformancechievedby thedifferentbin-bisectionimprove-
mentschemess shavnin Table3. Specifically thistableshavsthe
performanceachiezedby threeschemeslescribedn Section3.1,as
well asthe schemehatdoesnot performary bin-bisectionrefine-
ment(labeled'BBTP5” asit correspondso BBTP with NRuns=5).
Notethatall thesesxperimentsvereperformedwithoutperforming
ary level-wiserefinement.

Fromtheseresultswe canseethatin termsof HPWL, theRepar
tition schemeperformsthe bestamongthe bisectionimproving
schemesyhereaghe theV-CycleandWLFM schemegroduceso-
lutionswhoseHPWL is about3% and2% worsethanRepartition,
respectiely. In termsof computationaltequirementsthe V-Cycle



V-Cycle Repartition WLFM BBTP5
HPWL Time | HPWL Time | HPWL Time | HPWL Time
ibm01 51 11 5.0 19 5.1 17 5.2 8

ibm02 149 22 145 37 151 80 150 17
ibm03 134 24 132 39 135 42 136 18
ibm04 177 31 171 51 176 54 176 23
ibm05 383 44 378 72 39.1 107 395 33
ibm06 20.3 44 19.7 69 202 79 20.7 32
ibm07 31.0 69 30.5 109 30.6 111 319 49
ibm08 35.0 84 343 126 34.6 203 357 57
ibm09 284 79 27.9 117 28.3 129 29.0 52
ibm10 60.3 123 59.4 195 63.6 237 625 86
ibmi11 44.0 130 43.0 201 440 249 453 89
ibm12 779 161 76.2 254 79.8 361 79.7 111
ibm13 54.7 183 53.6 280 545 346 56.0 123

ibm14 126.7 398 122.7 620 128.0 784 128.4 276
ibm15 137.9 477 136.6 727 140.2 984 1431 319
ibm16 183.5 555 180.8 896 184.6 1213 | 189.3 378
ibm17 272.1 629 268.4 1042 | 287.8 1548 | 283.0 453
ibm18 194.6 653 190.0 1029 | 194.3 1569 | 198.5 454
AQB 1.021 1.000 1.030 1.044

TTime 3718 5883 8112 2579

Table 3: Resultsobtained by bisectionimpr oving schemes.

RSwap RMove PairWLFM BBTP5
HPWL Time | HPWL Time | HPWL Time HPWL Time

ibm01 51 23 5.1 13 5.1 38 5.2 8
ibm02 148 171 148 50 143 150 150 17
ibm03 13.8 56 13.7 30 13.4 96 136 18

ibm04 178 64 180 37 17.3 114 176 23
ibm05 39.3 228 39.2 81 38.1 190 395 33
ibm06 20.6 106 203 52 19.8 167 20.7 32
ibm07 319 130 316 75 30.8 238 31.9 49
ibm08 357 391 35.8 149 345 376 35.7 57
ibm09 29.0 144 29.0 82 282 272 29.0 52
ibm10 61.7 294 61.8 143 59.6 445 625 86
ibm11 449 193 44.4 122 439 368 453 89
ibm12 79.5 446 80.0 194 77.6 547 79.7 111
ibm13 55.8 344 55.4 182 544 542 56.0 123
ibm14 127.3 657 126.6 386 123.9 1107 128.4 276
ibm15 1411 974 140.0 493 139.2 1448 143.1 319
ibm16 187.5 1310 | 184.9 606 182.2 1733 189.3 378

ibm17 278.7 1957 | 2745 781 271.0 2139 283.0 453
ibm18 196.4 1852 | 195.3 839 1945 2195 198.5 454
AQB 1.027 1.022 1.000 1.033

TTime 9338 4316 12164 2579

Table 4: Resultsobtained by level-wiserefinementschemes.

schemesthefastesttheWLFM schemes theslowest,whereashe
Repartitionschemas somavherein betweerthesetwo. Also, it is
interestingto notethat all threeschemedeadto solutionswhose
HPWL is betterthanthoseachiezed by BBTP5 alone. For exam-
ple, the solutionsproducedby BBTP5 areabout4.4% worsethan
thoseproducedby Repartition. Theseresultsindicatethatthereis
anon-trivial quality advantagen introducingthis new phasen the
overallflow of PDR

4.1.3 Level-WseRefinemensdemes

Theperformanceachiezedby thedifferentlevel-wiserefinement
schemess shawvn in Table4. This table shavs the performance
achiezed by three schemedescribedin Section3.3, aswell as
BBTP5, which doesnot performary level-wiserefinement.Note
thatall theseexperimentsvereperformedwithoutapplyingary bi-
sectionrefinement.

Fromtheseesultsve canseethatthePairWLFM schemechieves
thebestHPWL improvementcomparedo RSwapandRMove. The
HPWL obtainedby RSwapandRMoveis about3% and2% higher

than that achieved by PairWLFM, respectrely. However, Pair-

WLFM'’s performancedvantagecomesat a significantincreasen

the overall computationatime. For example,PairWLFM requires
five timesmoretime thanthatrequiredby BBTP5. Comparingthe
time requiredby differentlevel-wiserefinementsye canseethat
RMove s thefastestrequiringlessthantwice thetime requiredby

BBTPS5. Finally, comparingthe gainsin HPWL achieved by this

PDP stepover the gainsachiezed by the bisectionrefinementtep
(Table 3) we canseethatthe laterleadsto higherimprovementsat

alower computationatost.

4.2 Overall Comparisons

Our comparisonso far werefocusedon evaluatingthe various
algorithmicchoicesfor thethreemain stepsof THETO'stop-davn
hierarchicalPDPflow. In this sectionwe evaluatehow the combi-
nationof someof thesealgorithmicchoicesaffect the overall per
formanceof THETO. Table5 shavs the GP performancechieed
by serendifferentschemesThecolumndabeled'BBTP5”, “Repar
tition”, and“PairWLFM” correspondo the lowestHPWL achiev-
ing schemedentifiedin Section#4.1.1-4.1.3Thecolumnlabeled
“Repartition+RirWLFM” correspondto theschemehatperforms
bothbisectionandlevel-wiserefinementsisingthe Repartitionand
PairWLFM schemesiespectiely. Thecolumnlabeled'V-Cycle+
Repartition+WLFM”correspondso the schemehatusesall three
bisectionrefinemenscheme®ne-afterthe-otherbut doesnot per
form anlevel-wiserefinement.Finally, the schemdabeledALL”
correspondso the schemethat performsboth bisectionandlevel-
wise refinementusing all threebisectionrefinementschemesand
all threelevel-wiserefinemenschemesppliedone-afterthe-other
In addition,the lastcolumnlabeled‘Dragon”, containsthe GPre-
sultsproducecdy Dragon[14]. We choserDragonfor two reasons.
First, it provides statisticsregarding the quality of the GP solu-
tion thatit computesandsecondpasedn arecentcomprehensie
comparison®f variousplacementlgorithms[1, 16], Dragonpro-
duceseitherthehighestquality or amongthe highestquality place-
mentsolutions.

Fromtheseresultswe canseethatasexpected the schemehat
appliesall the differentalgorithmsbisectionrefinementandlevel-
wiserefinemen{ALL) achiezesthelowestHPWL andrequireshe
mostamountof time amongthe differentpossibilitiesfor THETO.
However, theschemehatcombinesll bisectionrefinemenschemes
but performsno level-wiserefinementfifth column)achiezescom-
parableHPWL resultsbut is about2.5 timesfaster This obser
vation is consistentwith our earlier resultsin Section4.1.3 that
shavedthatthebenefitsachiezedby level-wiserefinemenareusu-
ally smallerthanthoseachievzed by the bisectionrefinementalgo-
rithms.

Comparingthe resultsproducedby THETO againstthosepro-
ducedby Dragon,we canseethatall but the BBTP5 schemepro-
duceGP solutionswhoseHPW.L is slightly higherthanthosepro-
ducedby Dragon.Thesegainsrangefrom about2% up to 6%. Un-
fortunately the timesreportedby Dragoncannotbe directly com-
paredasthey correspondo Dragons overall GP run time, which
alsoincludesa “single cell switching” basedhybrid phaseaswell
as few more bisectionlevels for someof the benchmarkgo aid
DP. However, accordingthe authorsthe globalplacemenphases
dominatingits overall runtime[14]. As aresult,we caninfer that
Dragonis muchslower (in therangeof 4—15timesslower) thanthe
variousinstance®f THETO.

5. CONCLUSION

In this paperwe presentech nev global placeralgorithm that
is basedon the partitioning driven placementparadigm. We in-



BBTP5 Repartition PairWLFM Repartition+RirWLFM V-Cycle+Repartition+WLFM ALL Dragon

HPWL Time | HPWL Time | HPWL Time HPWL Time HPWL Time HPWL Time HPWL Time*
ibm01 5.2 8 5.0 19 5.1 38 4.9 47 4.9 29 4.9 74 5.0 1243
ibm02 150 17 145 37 143 150 14.1 161 14.0 80 13.8 3% 15.0 1857
ibm03 136 18 13.2 39 134 96 13.2 109 13.0 64 12.7 178 13.7 1509
ibm04 176 23 171 51 17.3 114 16.7 136 16.5 89 16.7 216 17.7 1732
ibm05 395 33 378 72 38.1 190 37.4 214 36.8 136 36.8 501 422 4413
ibm06 207 32 19.7 69 19.8 167 19.5 193 19.2 126 19.3 349 20.8 3017
ibmO07 319 49 30.5 109 30.8 238 30.0 278 29.8 187 29.6 444 33.0 3479
ibm08 357 57 343 126 345 376 335 428 33.2 269 32.7 915 36.0 4990
ibm09 29.0 52 279 117 28.2 272 275 325 275 220 27.3 538 29.8 3859
ibm10 625 86 59.4 195 59.6 445 58.5 537 58.2 358 57.9 965 60.5 8765
ibm11 453 89 43.0 201 439 368 42.7 458 425 371 420 732 42.8 5678
ibm12 79.7 111 76.2 254 776 547 76.0 640 74.4 487 75.1 1274 735 9113
ibm13 56.0 123 53.6 280 54.4 542 53.3 655 52.5 523 52.2 1143 55.8 7301
ibm14 128.4 276 122.7 620 123.9 1107 119.6 1369 119.3 1304 118.1 2413 123.8 14007
ibm15 143.1 319 136.6 727 139.2 1448 134.9 1739 132.9 1581 132.1 3249 140.6 21135
ibm16 189.3 378 180.8 896 182.2 1733 176.7 2102 173.8 1904 173.0 3987 180.1 22870
ibm17 283.0 453 268.4 1042 | 271.0 2139 264.7 2593 260.6 2212 257.2 5235 2714 29785
ibm18 198.5 454 190.0 1029 | 194.5 2195 185.8 2685 185.0 2288 182.9 5475 197.6 26546
AQB 1.080 1.034 1.045 1.019 1.008 1.002 1.068
TTime 2579 5883 12164 14670 12227 28083 171301

Table 5: Resultsobtained by combining THETO' s differ ent parametersand from Dragon.

troduceda numberof differentalgorithmicchoicesfor its various
stepsandpresented detailedexperimentalevaluation.Our results
shavedthatmin-cutpartitioningalonewhencombinedwith effec-
tive terminalpropagtion canleadto global placemenglgorithms
thatarebothfastandof high quality. In fact, our algorithmis able
to produceglobal placemensolutionswhosehalf perimeterwire-
lengthis up to 6% betterwhencomparedoy other state-of-the-art
academigplacementools.
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